Abstract: Nanosized Ag 3 PO 4 particles were successfully synthesized by a facile solution method. The photocatalytic activity for organic dye degradation strongly related to the particle size of the Ag 3 PO 4 particles. Nanosized Ag 3 PO 4 particles showed higher photocatalytic activity for degradation of RhB dye than those of normal size Ag 3 PO 4 particles and titania based photocatalysts.
INTRODUCTION
Semiconductor photocatalysts have been received much attention due to their great potential in using for pollution mediation and solar energy conversion [1] [2] [3] . It is accepted that TiO 2 is the most promising and most cost effective photocatalytic material because of its excellent activity, stability and innocuousness. However, TiO 2 possesses large band gap energy, i.e. anatase phase titania only shows photocatalytic activity under UV light irradiation of wavelengths < 387 nm correspoinding to its band gap value of 3.2 eV. It is known that UV light only occupies about 4% of sunlight energy, and visible light occupies about 45% of it. In order to utilize solar light effectively, it is desired to develop visible light active photocatalysts. Though a lot of semiconductor materials, such as anion or metal ion doped TiO 2 [4] [5] [6] [7] [8] [9] [10] , SrTiO 3 [11] [12] [13] , and other solid materials (GaAs, CdS, etc.) [14] [15] [16] , have been developed for visible light responsive photocatalysts, their activity and stability have not been enough to be practically used. Therefore, the exploration of new semiconductor materials as highly efficient photocatalysts is still a great challenge.
More recently, Ye and co-workers have reported Ag 3 PO 4 photocatalyst, which exhibits remarkably high photocatalytic activity for O 2 evolution from water and organic dye degradation under visible light irradiation [17] . After that, several researches have been carried out for Ag 3 PO 4 -related photocatalyst and the enhancement of its activity and stability [18] [19] [20] . However, few researches on the synthesis of nanosize Ag 3 PO 4 particle have been reported. The reported size of Ag 3 PO 4 remains relatively large (0.5-2m), hindering their performance enhancement in photocatalysis. To enhance the photocatalyic activity, synthesis of nanosized Ag 3 PO 4 particle based photocatalyst with higher specific surface are (SSA) is crucial.
In this paper, nanosized Ag 3 PO 4 photocatalyst was prepared by a simple solution method, and the photocatalytic performance for the degradation of organic dye was evaluated. Smaller particle size of Ag 3 PO 4 showed higher photocatalytic activity than that of normal size one under visible light irradiation. The result indicates that the control of particle size is an effective way to enhance the photocatalytic activity for dye degradation.
MATERIALS AND METHODS
Ag 3 PO 4 nanosized particles were synthesized by a solution process. At first, AgNO 3 aqueous solution (0.2 M, 25 ml) and Na 2 HPO 4 aqueous solution (0.2 M, 25 ml) were prepared, and moved to a closed vessel respectively, followed by keeping in water bath at a desired preset temperature (0 o C, 30 o C) for 1 h aging treatment. Then, the Na 2 HPO 4 aqueous solution was introduced into Ag 3 PO 4 solution, followed by stirring at the same temperature in water bath for 5 min. After reaction, the yellow precipitation could be formed. The product was then centrifuged, washed with distilled water and ethanol three times respectively, and then dried in a vacuum oven at 60 o C overnight. For comparison, TiO 2-x N y particles were also prepared by a solvothermal process according to our previous report [4] . In addition, commercial titania P25 (Degussa) was also utilized as a standard material.
The morphology of the particles was observed using a scanning electron microscope (Hitachi, FE-SEM S-4800). The crystallographic phase constitution was characterized by X-ray diffraction (XRD) analysis using graphite monochromatized CuK radiation (BRUKER, D2 PHASER). The particle size distribution was analyzed using a laser diffraction particle analyzer (SHIMADZU, SALD7000). The absorption edges and band gap energies of the products were determined from the onsets of diffuse reflectance spectra of the samples measured using an UV-VIS spectrophotometer (Jasco, V-670). The specific surface areas were determined by measuring the amount of nitrogen adsorptions at 77 K (Quantachrome, NOVA 4200e).
The photocatalytic characterization was carried out by the degradation of rhodamine B (RhB) dye under visible light irradiation. In a typical photocatalytic experiment, 0.2 g photocatalyst was introduced into the rhodamine B (RhB) dye solution (100 ml, 10 mg/L) followed by stirring in the dark for 20min to ensure the adsorption saturation of the RhB. Three kinds of visible light LED lamps with various wavelengths of 627 nm (Red), 530 nm (Green) and 445 nm (Blue) were utilized as irradiation light sources. The sampling was carried out every 10 min during the photocatalytic characterization. The degradation of organic dyes was monitored by measuring the change of adsorption spectra using an UV-VIS spectrophotometer. Before the spectroscopy measurement, the photocatalysts were removed from RhB solution by a centrifuge separation. Table 1 shows the synthesis conditions and some physical properties of the samples. Ag 3 PO 4 -S was prepared by aging at 0 o C, while Ag 3 PO 4 -L was prepared at 30 o C. TiO 2-x N y was synthesized by a solvothermal process according to a previous report [4] . Figure 2 shows the SEM images of Ag 3 PO 4 particles synthesized under different conditions. The sample Ag 3 PO 4 -S is consisted of the particles of 50-400 nm, and obviously smaller than Ag 3 PO 4 -L. The key we succeeded to synthesize nanosized Ag 3 PO 4 particles is the control of the reaction temperature. Usually, Ag 3 PO 4 is easy to be formed and grown to comparatively large particle size. The reaction between Na 2 HPO 4 and AgNO 3 would be started at the moment when Na 2 HPO 4 aqueous solution was introduced into AgNO 3 aqueous solution, to result in the formation and crystal growth of Ag 3 PO 4 particles. The temperature should have great affection on the products. In order to regulate the reaction temperature, the precursor solution was kept in a desired temperature of water bath for 1 hour. Generally, the solubility decreases with decreasing temperature. In the case of the same concentration of reactant, a low reaction temperature leads to an increase in the supersaturation degree, and results in the increment of the crystal-nucleation number. As a result, the sample Ag 3 PO 4 [21] [22] as shown by equation (1): where h is the Planck's constant,  is the frequency, E g is the band gap, A is the constant of proportion. F(R ∞ ) represents the Kubelka-Munk function, which is calculated by equation (2), where R is the diffuse reflectance. In the case of the allowed indirect transition semiconductor, n possessed the value of 2.
RESULTS AND DISCUSSION
The Tauc Plot of semiconductor corresponding to the allowed indirect transition semiconductor is shown in Figure 5 . For the Ag 3 PO 4 with different particle sizes, the absorption edge energy values were 2.30 and 2.36 eV, respectively, suggesting that they can absorb visible light shorter than ca. 525 nm. The Ag 3 PO 4 -S possessed larger band energy value (2.36eV) than that of Ag 3 PO 4 -L (2.30eV), which might be related to the Quantum size effect [23] . While the nitrogen doped titania TiO 2-x N y possessed two band gaps of 2.99 eV and 2.15 eV, corresponding to the light wavelength of 414nm and 576 nm. In contrast, P25 showed the band gap of 3.20 eV, indicating that only UV light might be absorbed. (b) Figure 6 shows the photocatalytic activity for the degradation of RhB solution under the irradiation of various wavelengths of light. Before the photocatalytic characterization, the sample dispersed RhB solution was stirred in the dark for 20 min. It was found that no noticeable concentration decrease could be observed, indicating almost no adsorption of RhB on the surface of the samples occurred. The Ag 3 PO 4 with different particle size showed no activity under red (627 nm) and green (530 nm) LED light irradiation, but excellent activity under blue (445 nm) LED light irradiation, which agreed with their band gap values calculated by Tauc Plot. The Ag 3 PO 4 photocatalysts had much stronger oxidation activity than those of P25 and nitrogen doped TiO 2-x N y under visible LED light irradiation. The photocatalyst with small particle size (Ag 3 PO 4 -S) showed the higher activity than that with large particle size (Ag 3 PO 4 -L), indicating that the particle size control is an effective way to improve the photocatalytic activity. Although TiO 2-x N y possessed a large specific surface area of 130m 2 g -1 , it showed low activity. This might be related the week oxidation ability, because of its comparatively high valance band position.
CONCLUSION
Nanosized Ag 3 PO 4 particles with promoted visible light induced photocatalytic activity were successfully synthesized by a simple solution method. Nanosize Ag 3 PO 4 particles possessed a band gap of about 2.30 eV, indicating the visible light absorption shorter than 540 nm of wavelength. The results confirmed that photocatlytic activity of RhB dye degradation is strongly related to the particle size/specific surface area of the photocatalysts, indicating that particle size control is an effective way to improve the photocatalytic activity.
